The phenomenon of abortive infection in the Micrococcus lysodeikticus-bacteriophage system described by Naylor and Burgi (1956) consti- tuted the basic problem to which the following study was directed.
The role of deoxypentose nucleic acids (DNA) in cellular physiology and the role of certain of them in transformation experiments is well known. (Avery et al., 1944; Hotchkiss, 1951; Zamenhof et al., 1953; Alexander and Leidy, 1953) . Evidence has been presented supporting the contention that differences exist in the base ratios in DNA Gandelman et al., 1952; Chargaff, 1955; Dutta et al., 1956 ) and also that the type of bases may differ. (Wyatt, 1951; Wyatt and Cohen, 1953 .) It was of interest, therefore, to study the DNA of the bacteria and bacteriophages involved in the abortive infection reported especially regarding the qualitative and quantitative nature of the base components in order to find out whether the latter differed among participants in the abortive phenomenon described.
EXPERIMENTAL METHODS
Propagation of bacteria. M1. lysodeikticus strain 1 (ML1) and 311. lysodeikticus strain were the cultures used. Relatively large quantities of each organism (200 to 250 g wetpaste weight) were obtained by inoculating 18 L of sterile broth (tryptone, 1.0 per cent; yeast extract, 0.5 per cent; glucose, 0.1 per cent; NaCl, 0.5 per cent; pH 7.5) contained in a mass fermentor (figure 1) with 10 per cent of a culture grown for 24 hr on a reciprocal shaker at 32 C. Under conditions of vigorous aeration and agitation at 32 i 2 C, maximal growth was obtained in 8 to 10 hr. Foaming was controlled by making suitable additions of a sterile 1:100 dilution of Dow Corning Antifoam AF emulsion. The cells were harvested by centrifugation at 18,000 rpm in an electric Sharples centrifuge, type M41-24. The cell pastes were stored at -8 C until used for nucleic acid extraction.
Propagation of bacteriophages. The serologically related phages, Ni and N6, described by Naylor and Burgi (1956) were compared in this study. Mass lysates of Ni containing 2 X 1011 infectious particles per ml were prepared by inoculating 16 L of medium (tryptone, 1.5 per cent; yeast extract, 0.7 per cent; glucose, 0.2 per cent; NaCl, 1.0 per cent; pH 7.5) contained in the fermentor with 4 L of ML1 culture grown at 32 C for 24 hr. Sufficient Ni phage concentrate was added to obtain a phage to cell ratio of 1:10. The infected culture was aerated vigorously at 32 i 2 C until completelv lysed (4.5 to 5 hr). Excessive foaming during the period of lysis was controlled by adding Dow Corning Antifoam AF.
The procedure used for preparing N6 lysates was essentially the same as described for Ni.
However, in order to obtain high yields of phage, it was necessary to substitute peptone for tryptone in the medium. With ML1 as the host, and using the optimal phage to cell ratio which is approximately 1:20 for N6, titers of only 0.5 to 1.0 x 1010 per ml were obtained with tryptone in the medium. The increase in titer obtained by substituting peptone for tryptone was approximately 10-fold.
Concentration and purification of phage lysates.
The viscosity of the phage lysates was effectively destroyed by adding 0.1 per cent malt diastase, technical grade, and incubating at 30 C for 10 to 15 min. The lysates were then treated with 300 mesh bentonite (1.0 per cent w/v) to absorb a yellow pigmented particulate cell fraction which was impossible to eliminate by ordinary differential centrifugation. The bentonite was kept in suspension by vigorous agitation for 30 min and was then removed by centrifugation. The phage was then concentrated and purified further by subjecting the lysate to three cycles of differential NUCLEIC ACIDS OF M. LYSODEIKTICUS centrifugation using a Spinco model L ultracentrifuge. Extraction of DNA from microorganisms and bacteriophages. Cell concentrates prepared with the mass fermenter were suspended in approximately 1 L of salt solution (NaCl, 0.123 M; KCl, 0.009 M; K2S04, 0.004 M; and Na-citrate, 0.01 M) and treated with lysozyme (0.1 per cent) for 10 min at 40 C to effect dissolution of the cell wall. The resulting viscous material was then subjected to DNA extraction procedures of Chargaff and Zamenhof (1948), Chargaff et al. (1951) , and Gandelman et al. (1952) . Samples thus prepared gave negative protein tests with Millon and Biuret reagents and were found free of pentose nucleic acid as evidenced by the absence of uracil on chromatograms of hydrolyzed material.
The purified and concentrated preparations of Ni and N6 bacteriophages were subjected to the DNA extraction procedures described by Cohen (1947) and Wyatt and Cohen (1953) . The resulting products were found free of protein and pentose nucleic acid as evidenced by negative Millon or Biuret tests and by the absence of uracil on chromatograms of hydrolyzed material.
Hydrolysis and chromatographic procedures. The DNA extracted from microorganisms and bacteriophages was subjected to formic acid hydrolysis according to the procedures of Wyatt, (1951) and Wyatt and Cohen (1953) . Hydrolyzed samples were analyzed for phosphorus (Gomori, 1942) and for chromatographic separation of base components employing one-dimensional descending techniques with isopropanol-HCl- (Wyatt, 1951 (Markham and Smith, 1949) .
water solvent (Wyatt, 1951; Smith and Wyatt, 1951) and butanol-water solvent (Hotchkiss, 1948 Use of the known molar extinction coefficients of purine and pyrimidine bases (Wyatt, 1955) , enabled quantitative estimations of the components isolated. These are listed in table 3 and expressed as moles of base per 100 g-atoms phosphorus. A commercial sample of DNA (California Foundation for Biochemical Research) served as control material for hydrolysis, chromatography, and spectral analysis procedures.
RESULTS AND DISCUSSION
The nitrogenous constituents of DNA isolated from ML1 and ML53-20 and from the bacteriophages Ni and N6 were identified as the purines, adenine and guanine, and the pyrimidines, cytosine and thymine. No other nitrogenous bases were detected.
The quantitative recovery of bases from the DNA of ML1 and ML53-20 (table 3) indicates a high ratio of guanine plus cytosine (G + C) to adenine plus thymine (A + T). The ratios obtained for the two cultures agree quite well with those obtained by Lee et al. (1956) who found that the DNA of M. lysodeikticus contained the highest ratio of G + C to A + T of any of the many species of bacteria included in their study. Dutta et al. (1956) and Lee et al. (1956) have reported that the DNA of Sarcina lutea is of similar base composition and the latter workers showed this to be true also for Sarcina flava. On the basis of the similarity in DNA composition together with similarities in lysozyme sensitivity and various physiological characteristics, Colobert and Rocquet (1957) have proposed that M. lysodeikticus be reclassified as Sarcina flava var. lysodeikticus. Table 3 also includes the results of analyses of the nitrogenous bases contained in the DNA of bacteriophages Ni and N6. The ratios of G + C to A + T, although not as high as for the host DNA, are higher than any previously reported for bacteriophage DNA.
Attempts to characterize the DNA produced by ML53-20 abortively infected with phage Ni Each figure represents the average of 2 to 3 independent hydrolysis experiments. in purine or pyrimidine base composition of the DNA of the phages or host organisms involved in the abortive infection system would be found. However, the results obtained indicate that any differences that may exist are too subtle to be detected by the methods used.
SUMMARY
The purine and pyrimidine bases of deoxypentose nucleic acids isolated from two strains of .M1ficrococcus lysodeikticus and two bacteriophages, Ni and N6, that attack these organisms are reported. In all cases, a high ratio of guanine plus cytosine to adenine plus thymine was found. No qualitative or quantitative differences in base composition were detected.
